nergy balance is a process through which the body attempts to establish homeostasis. Most individuals spend much of their lives in the same weight range without daily focus on caloric intake and output. The two parts of the equation for weight maintenance are energy intake (eating and drinking) versus energy output (nonexercise thermogenesis + exercise). To achieve weight loss, the American Diabetes Association (ADA) (1), American Academy of Clinical Endocrinologists (AACE) (2) , and National Academy of Nutrition and Dietetics (3) all recommend exercise as an integral part of any weight loss program. Physical activity and exercise are often used interchangeably. However, correctly defined, physical activity is all movement that creates energy expenditure, whereas exercise is planned, structured physical activity (1) .
Research supports the importance of exercise in relationship to improved cardiovascular fitness, insulin sensitivity, glycemic control of type 2 diabetes, blood pressure, and depression scores (1), but does exercise itself contribute to weight loss and maintenance efforts?
The questions addressed in this article are: Does exercise in and of itself improve weight loss efforts outside of dietary restriction? Is there a difference between aerobic training and resistance training in achieving weight loss or weight maintenance? What are the potential explanations for less weight loss than predicted with exercise? When weight loss is achieved through any weight loss intervention program, does exercise contribute to the maintenance of that weight loss?
Does Exercise in and of Itself Improve Weight Loss Efforts?
Many outcomes data have been reported from research studies that have examined exercise alone, exercise plus dietary restriction, or dietary restriction alone to determine strategies for weight loss. The challenge over time is to accurately monitor both sides of the equation as individuals interact in their daily lives.
A systematic review of studies with a minimum of 1-year follow-up (4) suggested that subjects who used exercise alone for weight reduction experienced minimal weight loss. There are two questions that need clarification: 1) Does the drive for homeostasis require greater bouts of exercise than previously recommended to contribute to weight loss? 2) Do individuals compensate for exercise by either eating more or reducing their nonexercise activity thermogenesis?
Thirty-six overweight participants were assigned to either exercise plus calorie restriction or calorie restriction alone to determine whether exercise enhanced weight loss efforts. The calorie deficit remained constant during the 6-month trial. Ten percent weight loss was achieved over 6 months in both interventions without a statistically significant difference in the percentage loss of body fat. However, the exercise group had the added benefit of improved aerobic fitness (5) .
In ) men and women in the Midwest Exercise Trial 2. Exercise was supervised for 10 months with an exercise calorie-equivalent reduction of either 400 or 600 calories 5 days per week and a completion rate of 65%. In the completion group, weight losses were 3.9 ± 4.9 and 5.2 ± 5.6 kg, respectively. This demonstrated a clinically significant weight loss for both men and women. However, the amount of activity to achieve this weight loss was again greater than the general exercise recommendations for health.
Weiss et al. (8) demonstrated not only effective weight loss (7% over 16.8 weeks) with exercise alone, but also preservation of lean body mass (LBM) and improvement of maximal oxygen consumption (VO 2max ) when compared to weight loss with a comparable energy deficit through calorie restriction alone; the latter resulted in both a loss of LBM and a decrease in VO 2max . In addition, as with other studies that have demonstrated weight loss with exercise, the amount of exercise was substantial at 7.4 ± 0.5 hours/week.
Longer bouts of exercise have demonstrated a greater contribution to weight loss, both in controlled research trials and through selfreported information collected by the National Weight Control Registry (NWCR) (9-11). The NWCR has reported that 94% of individuals in the registry reported including exercise in their weight loss program (9); weight loss was greater in the group with the greatest physical activity, but this group also reported more dietary restraint (10) , and only 1% of participants reported exercise alone for weight loss (11) .
Most, but not all, study data indicate that exercise alone plays a very small role in weight loss. A joint position statement of the American College of Sports Medicine and the ADA (12) 
Exercise regimens of varying intensities and durations were added to a calorie-and fat-restricted food plan in a randomized, controlled trial by Jakicic et al. (15) . Although not statistically significant, an absolute difference in weight loss of 1.7 kg was achieved with more vigorous and higher-duration exercise at 12 months.
What Are Potential Explanations for Less Weight Loss Than Predicted From Exercise?
The amount of weight loss predicted based on calculated energy expenditure often does not reflect the actual weight lost during research trials. Possible explanations include physiological compensation (less nonexercise activity) and limited control of food intake day by day for the duration of the trial, with the potential for compensatory food intake.
Thomas et al. (16) suggested in their review of 15 studies that the small amount of weight loss observed is the result of a combination of the low level of prescribed exercise and a subsequent increase in calorie intake.
A recent meta-analysis of 51 trials (17) suggested that in the short term, energy intake does not compensate for energy expenditure. Two to 14 hours after exercise bouts of 30-120 min at 36-81% VO 2max , the c o x
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difference in absolute energy intake between exercise and control groups was small; however, a reduction in relative energy intake of >119 calories was noted in 25 of 29 studies within the 51 trials.
Blundell et al. (18) suggested a considerable individual variability with regard to exercise and appetite/ food intake. Influences on intake include fat and fat-free mass, resting metabolic rate, and hormonal responses, which vary from person to person, making the individual response to exercise and weight loss difficult to predict.
The article by Caudwell et al. (19) is in agreement with this assessment. These researchers developed an approach to assessing adaptive regulatory biological systems to determine the impact of physical activity on appetite and its contribution in turn to the impact on weight. There appeared to be a large difference in individual responses to physical activity. Neither nonexercise activity nor resting metabolic rate changed significantly. Nonresponders to weight loss strategies demonstrated a much greater degree of hunger and subsequent food intake, which was sufficient in quantity to explain the weight differences.
Research findings suggest that there are responders and nonresponders to exercise as a weight loss tool. Energy intake compensation over the long term may partly explain this variability.
When Weight Loss Is Achieved, Does Exercise Contribute to the Maintenance of That Weight Loss?
Physical activity may be an important component of weight maintenance after weight loss. An excellent study that measured total energy expenditure with the doubly labeled water method suggested that physical activity in the range of 11-12 kcal/kg/day (900 calories/day for an 81-kg woman) may be important to prevent weight regain (20). In the NWCR, 90% of participants reported exercise to achieve long-term weight loss maintenance, with an average 383-calorie energy expenditure 7 days/week (21) . In addition, a systematic review of the literature by Fogelholm and Kukkonen-Harjula (22) suggested that an increase in energy expenditure of 1,500-2,000 calories/week is associated with weight maintenance. In a 33-year follow-up study, men who maintained activity >150 min/week gained 5.6 kg compared to 9.1 kg in less active men, with an even more significant trend (3.8 vs. 9.5 kg) among women (23).
Tate et al. (24) reported that, in a 30-month study of 202 overweight adults, those whose exercise expenditure was >2,500 calories/week had less than half the weight regain of those whose exercise expenditure was <2,500 calories/week (2.9 vs. >6 kg).
There is also evidence to support the notion that individuals who are less physically active are more likely to gain weight over time than those who exercise between 150 and 300 min/week (25) .
Recent research based on the NWCR showed that both highand low-exercise groups were able to maintain weight loss for 3 years. This suggests that there is a great deal of variability in individual responses to the ability to maintain weight loss over time (10) .
Strategies to Promote Physical Activity in Practice
Although exercise contributes to multiple health benefits, and most of the research suggests that it can play a role in both short-and long-term weight loss and weight maintenance, patients often have a difficult time engaging in a regular exercise program and continuing that program as a lifestyle modification. Thirty-six percent of people >18 years of age with diabetes reported no physical activity in the previous 30 days (26). Only 30% of patients are counseled about exercise during an appointment with their primary care physician (27) .
Starting with the first encounter, physicians and other health professionals should engage patients in a discussion of the importance of daily exercise, which may promote weight loss in overweight people, but also reduce weight gain over time, contributing to overall health.
A recent article addressing strategies for promoting physical activity in clinical practice (28) provided excellent suggestions for engaging patients in physical activity. These include lifestyle modification suggestions such as getting up out of a chair and walking for 2 min every 30-60 min, connecting patients with physical activity professionals to create individualized programs that work for them, using mobile technology applications, and creating a "Walk with a Doc" program in the local community.
Conclusion
The evidence that exercise contributes significantly to weight loss and weight maintenance is not firmly established. It is important to recognize the challenge of monitoring dietary intake and exercise intensity and duration over the long term. Overreporting of actual exercise and underreporting of food intake by individuals could be a contributing factor to the mixed results found to date. In addition, individual differences may play a role (responders vs. nonresponders). Variability in sex, BMI, exercise intensity and duration, and type of exercise in research studies make conclusive recommendations more difficult. Minimal research has been focused specifically on the weight loss effects of exercise alone in individuals with type 2 diabetes, who may have a different response to exercise than the population without diabetes.
Consistently performing exercise of a duration greater than the basic recommendations for health (150 min/week of moderate-intensity exercise) does appear to be more likely to contribute to weight loss and weight maintenance efforts over the long term.
Physical activity of all types, including aerobic, resistance, flexibility exercises, and reduced sedentary time clearly results in multiple health benefits for individuals with type 2 diabetes and should be included in any lifestyle recommendations for individuals with diabetes (1). Encouraging individuals to exercise for longer periods of time each day may help to enhance weight loss. However, it is challenging for some patients to consistently achieve even small bouts of exercise daily. In counseling patients, it is important not to focus on the potential for weight loss as the sole outcome from exercise, but rather to suggest that exercise may contribute to weight loss efforts and does result in a myriad of other health-related benefits. This focus will reduce the likelihood of patients using the lack of weight loss as a reason to discontinue their exercise program.
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